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1. Summary 

Studies of microbiological impact on aroma profile in wine have recently shown that 

Lactic Acid Bacteria (LAB) can have just as profound a sensory impact as yeast, yet 

little research has focussed on end-user perception of these differences. In this 

study, engaged consumers and experts blind tasted wines which underwent 

malolactic fermentation (MLF) using different strains of Oenococcus oeni and 

Lactobacillus plantarum (but were otherwise identical) to compare the sensory and 

hedonic impacts. Three strains of LAB were tested in Chardonnay and two in Pinot 

Noir. Flash Profiling (FP), a new and powerful Descriptive Analysis technique, was 

employed to differentiate and describe sensory effects caused by LAB in the wines. 

Consumer and expert preferences were compared to FP descriptors and to chemical 

analysis results. Experts were found to have strong preferences for specific strains in 

both the Pinot Noir and the Chardonnay, and consumers strongly linked specific 

descriptors to preference, especially creaminess in the case of Chardonnay. The 

different LAB also caused significant differences in tannin texture, which also drove 

preference in the Pinot Noir. These results illuminate the importance of LAB strain 

selection when considering the impacts on final wine style in both red and white 

wines. 
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2. Introduction 

“Study the science of art. Study the art of science. Develop your senses…” 

— Leonardo da Vinci (1452-1519) 

 

Although modern oenological science has helped to demystify some aspects of 

winemaking, it is a sort of miscalculating sophistry to think our current understanding 

is such that wine can be reduced to a set of formulae and chemical reactions. 

Indeed, a model of wine that includes only what is known from a scientific viewpoint 

is dangerously reductionist and would be considered by many to be missing out on 

what is essential. Nicolas Joly1, a biodynamic producer, cautions that using selected 

yeast and bacteria may lead to wines that show no sense of place or individuality.  

 

Others emphasise the benefits of incorporating the areas of our understanding 

illuminated by oenological study. Harrop and Vianna (2019) and Belda et al. (2017) 

argue that in fact yeast and bacteria selection enhance individuality by preventing 

faults associated with wild fermentation and uncontrolled malolactic fermentation. 

Hemming (2017) portrays winemaking as a mixture of art and science, employing the 

findings from science to help inform artistic decisions that are made during the 

process.   

 

As our oenological knowledge progresses, it demystifies, for instance, the origins of 

certain aromas. Only 20 years ago we lacked knowledge of how to control buttery 

                                                           
1 Interview between Jamie Goode and Nicolas Joly [online]. Available at 
http://www.wineanorak.com/biodynamic5.htm, accessed May 5, 2019. 

http://www.wineanorak.com/biodynamic5.htm
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notes in wine; today we can tailor our yeast and bacteria choices to enhance or 

subdue not only buttery notes but a host of other characteristics (Swiegers et al., 

2005). 

 

Yeasts’ impact on aroma profile and consumer preferences (Belda et al., 2017; 

Swiegers et al., 2005) has been comprehensively studied; however, Lactic Acid 

Bacteria (LAB), and their sensory effects on liking have been poorly understood until 

recently (Silvano, 2019). 

This study is a modest attempt to document our ability to perceive and describe 

differences due to different LAB, our enjoyment of those differences, and to 

understand how the two are linked. To this end, this study will address the following 

questions: 

1.) Can experts perceive the differences in sensory effects elicited by three 

different LAB strains in a selected white wine and two different LAB in a 

selected red wine? 

2.) Do consumers and experts have a hedonic preference for any LAB strain? 

3.) Are there any differences in preference between consumers and experts? 

4.) Is there a correlation between certain descriptors (obtained through Flash 

Profiling) and hedonic liking? 

5.) Is there a correlation between specific chemical compounds produced by 

specific LAB and hedonic liking? 

Whilst there have been studies investigating the effects of LAB on the organic 

compounds of wine (Sumby et al., 2014; Belda et al., 2016), and some with limited 

sensory studies (Malherbe, 2010), little is known about how end-users rate and 

perceive these differences. What is learned about how consumers and experts 
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appreciate the sensory effects caused by LAB can be fed back to wine producers, 

giving them an additional tool to help differentiate their wines in an ever-tightening 

marketplace. LAB not only convert malic acid to lactic acid, but have many other 

biological pathways that can modulate flavour, just as yeast can. This study seeks to 

increase awareness of the effects of different LAB on the final wine style. 
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3. Literature Review 

3.1 Lactic Acid Bacteria and Role in Wine 

Lactic acid bacteria (LAB) are an important part of the winemaking process for many 

white, and most red wines, converting sharp malic acid into softer, creamier lactic 

acid through malolactic fermentation (MLF). This process raises pH but also 

increases microbiological stability due to the depletion of nutrients that undesirable 

microorganisms could otherwise consume (Davis et al., 1985). These softening and 

stabilisation effects were the traditionally cited reasons to undertake MLF, and its 

impact on aroma was not necessarily considered. 

 

3.1.1 Genera of Lactic Acid Bacteria 
 

The main species of LAB found in wine, and the one most commonly used for MLF, 

is Oenococcus oeni (Costello et al., 2015) thanks to its alcohol tolerance 

(Presentation by Anthony Silvano, IMW, 2019), and its acidophilic nature, thriving at 

a pH below 3.5 (Ribereau-Gayon et al., 2006). Its citrate metabolism also produces 

diacetyl (Swiegers et al., 2005), a buttery aroma.  

Above pH 3.5 other genera such as Lactobacillus and Pediococcus can be found, 

however may not be favoured by winemakers as they can produce off-flavours 

(Capello et al., 2017).  

However, some strains of Lactobacillus plantarum can thrive at a pH as low as 3.2 

(Alegría et al., 2004), and positive organoleptic profiles in wine have recently been 

attributed to certain strains thanks to diverse enzymatic pathways (Brizuela et al., 

2019). Due to its homofermentative metabolism, L. plantarum, unlike O. oeni, cannot 
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produce acetic acid, and many strains lack citrate metabolism, and therefore cannot 

produce diacetyl. Hence, for high pH wines, L. plantarum, thanks to its alcohol and 

SO2 tolerance, and low production of acetic acid (Costello et al., 2015), could be 

utilised where low diacetyl concentrations are desired. 

 

3.1.2 Impact on Aroma Profile 
 

More recently, research into LAB metabolism and aroma production has shown that 

LAB can not only reduce malic acid and increase stability while increasing buttery 

notes, but also enhance fruity and berry characters in red wine (Bartowsky et al., 

2011), and increase ester production in white wines, such as Riesling (Knoll et al., 

2012).  

Despite these studies, as recently as 2014 in a survey of Australian winemakers, 

only 5% considered the contribution of LAB to aroma profile as important (Sumby et 

al., 2014). This is not true with yeast, which bring about the most significant changes 

in aroma (Swiegers et al., 2005), and of which the metabolic pathways have been 

more widely studied. Only in the early 1990s were LAB noted to change the aromas 

in wine, particularly with the production of diacetyl (Henick-Kling et al., 1994). 

Diacetyl is a small diketone that smells like butter (Ribereau-Gayon et al., 2006) and 

has a range of sensory thresholds depending on the type of wine, with a mean 

detection threshold of 0.9 mg/L in Pinot Noir and 0.2 mg/L in Chardonnay (Martineau 

et al., 1995).  

MLF may occur spontaneously if conditions such as pH and temperature are 

favourable (Ribereau-Gayon et al. 2006), but inoculation using specific strains may 

also be employed. Timing of inoculation, temperature, and duration of MLF are all 
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important for elucidation of certain esters (Abrahamse and Bartowsky 2012) and 

diacetyl concentrations (Presentation by Anthony Silvano, IMW, 2019; Bartowsky 

and Henschke, 2004). Different species and strains of LAB have varying levels of 

enzymatic function and so can produce varying concentrations of diacetyl and esters 

(Costello et al., 2012), hence species or strain selection is critical if certain aromas 

are to be promoted or suppressed. 

LAB may also change the mouthfeel of a wine, mainly by decreasing malic acid, and 

in red wines, some strains can increase tannin condensation, which reduces 

astringency (Vivas et al., 1997). 

Although research is underway to discover the influence of LAB on the aroma profile 

of a wine outside of diacetyl production (Costello et al., 2012; Bartowsky and 

Borneman 2011), little research into how consumers and experts perceive these 

aroma differences has been done.  

 

3.2 Sensory Evaluation  

The understanding of chemical compounds produced during MLF and how their 

concentrations may vary is important, however the human experience of perceiving 

those differences is paramount. 

Sensory evaluation uses human interaction with products, and in this study, wine, to 

determine the following: if samples are different, to describe different attributes of the 

samples, and to determine if there is a preference for a sample. This is attained 

through three main branches of study: discrimination testing, descriptive analysis, 

and hedonic testing (Lawless and Heymann, 2010). 
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3.2.1 Discrimination Testing 

The simplest form of discrimination testing involves asking assessors if samples are 

perceptibly different from one another; known as difference testing. The triangle and 

duo-trio tests are most commonly used. The triangle test asks assessors to identify 

which of the three samples is different to the rest, whereas the duo-trio asks 

assessors to identify which of the two samples is the same as a reference sample 

(Lawless and Heymann, 2010). Though the duo-trio test requires a higher number of 

correct responses to have significant results, it has been shown by Rousseau et al. 

(1997) to be a more powerful tool than the triangle test. These tests allow 

researchers to determine if products are different, but they do not reveal how the 

products are different.   

 

3.2.2 Descriptive Analysis 

To accurately describe differences in products, Descriptive Analysis (DA) is used. 

DA is used for many products, including wine, to accurately assess the texture, taste, 

smell, and appearance, using a trained panel (Lawless and Heymann, 2010), which 

calibrates using specific compounds and agrees on descriptors before using them. 

This can provide reliable, valuable, qualitative results, but the data can also be used 

quantitatively to differentiate wines (Leske et al., 2013). However, DA is time 

consuming and expensive as the panel must be extensively trained, and should taste 

together for a period of time before assessing new products (Lawless and Heymann, 

2010). 

Alternatives to DA have recently been developed that are less expensive and faster; 

Flash Profiling (FP) is one of them. FP can be just as powerful and as sensitive as 
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DA (Valentin et al., 2012) but unlike DA, does not require a trained panel2. Untrained 

assessors simultaneously describe different samples, using their own words, rather 

than consensus-based assessment, creating individual attributes for each sample. 

These attributes are then ranked by each assessor for each sample (Dairou and 

Sieffermann 2002). This allows for a detailed assessment, but also for differentiation 

between the samples (Taillet 2019). One disadvantage of FP is that there is an 

upper limit to the number of samples that can be evaluated as all samples must be 

evaluated in one sitting (Lawless and Heymann, 2010). This paper is the first time, 

known to the researcher, that FP will be used to describe sensory differences from 

different strains of LAB in wine, and to differentiate the various strains.  

 

3.2.3 Hedonic Testing 

Along with product differentiation and description, hedonic liking is important to 

assess as it gives insight into preferences for specific sensory characteristics, and 

generates valuable data that may be used for marketing or product development 

(Lawless and Heymann, 2010).  Standard practice of sensory evaluation dictates 

that analytical testing, such as difference tests and DA, should be kept separate from 

hedonic testing, as this may confuse results (Lawless and Heymann, 2010). 

Therefore if difference testing, DA, and hedonic tests are needed, different groups of 

assessors are required; those that focus on the analytical, and those that focus on 

the hedonic (Lawless and Heymann, 2010; Leske et al., 2013).  This study used all 

three branches of sensory evaluation and therefore a group of experts were used for 

                                                           
2 Though a trained panel is not required, the panel should be experts in that product field (Lawless & 
Heymann, 2010). 
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the analytical testing, and a separate group of experts and consumers were used for 

the hedonic testing. 

Hedonic testing requires participants, usually consumers, to rate each sample on a 

scale, usually from 1-9, based on their enjoyment (Lawless and Heymann, 2010). 

DA, and even FP, are normally reserved for those who are considered experts in 

their field (Dairou and Sieffermann, 2002). Along with rating samples, descriptors 

generated by FP may afford novices the opportunity to describe the sample, though 

in a qualitative fashion.  Malherbe (2010 and 2013) studied differences in liking of 

consumers for various LAB strains in red wines, though no descriptors were 

provided. Though difference in liking may indicate preference for certain LAB, a 

review of descriptors used may give more profound insights into the drivers of those 

preferences, as Drew found in a review of the influence of vocabulary on liking in 

tannic red wines (2018). 

Educational attainment differences are also important to consider when discussing 

preference. Again, although some studies of consumer preference for LAB strains 

have been carried out, none have considered differences between experts and 

consumers. Frøst and Noble (2002) found that wine knowledge played no role in 

preference (although sensory expertise did) and have highlighted the importance 

that wine experts have significant tasting experience, rather than just strong wine 

knowledge. On the other hand, Cliff et al. (2016) found that hedonic liking for wine 

was positively correlated with wine education. Therefore, whether experts and 

consumers will have a difference in liking of LAB strains is something yet to be 

reviewed and warrants investigation. 
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4. Methodology 

The project consisted of four stages: 

1. Duo-Trio Testing and Flash Profilingǂ (FP) were used to determine whether a 

panel of 10 experts could perceive the differences in sensory effects elicited 

by three different LAB in Australian Chardonnay and two different LAB in a 

Californian Pinot Noir. 

2. Flash Profiling was also used to create descriptors for these wines to be used 

for the hedonic tastings. 

3. A series of hedonic tastings with 87 consumers and 25 experts were held over 

a four-week period to test consumers’ and experts’ liking of the different 

strains of LAB and for them to choose descriptors that they felt best fit each 

wine. 

4. Chemical analyses were carried out on each of the wines to determine 

sensory compound levels, which were then compared to consumer and expert 

hedonic preferences. 

 

4.1 Materials 

4.1.1 Wines 

Commercially available and experimental selections of Oenococcus oeni and 

Lactobacillus plantarum, provided in kind by Lallemand, were used to complete MLF 

                                                           
ǂ FP is a faster, more cost effect type of descriptive analysis that doesn’t require training of experts. Two 

sessions are needed; the first session is to generate attributes of the wine but avoiding hedonic terms. A global 

list is compiled, and in the second session panellists are asked to rank the wine from least to most on each of 

their chosen attributes. 

 These selections will be referred to as different strains in this paper for simplicity, though there are two 
different genera/species (L. plantarum and O.oeni) and strains within O. oeni being used. 
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in Chardonnay from Tumbarumba, Australia and Pinot Noir from Carneros, 

California. Each of the samples underwent MLF by a different strain. The wines were 

vinified3 under the conditions stated below, and both were airfreighted to the 

researcher in November/December 2018. The Chardonnay was sealed under 

screwcap and the Pinot Noir was sealed under crown cap. 

 

Strain Name4 Genus Sensory Contribution5 

BetaTM  Oenococcus oeni High production of diacetyl in sequential 
inoculation 

YV SelectTM Oenococcus oeni Low diacetyl production 

ML-PrimeTM Lactobacillus 
plantarum 

No acetic acid production, no production of 
diacetyl 

VP41TM Oenococcus oeni Very low production of diacetyl, increased 
red berry fruit aromas, and delicate tannin 

structure 

Table 0: Bacterial sensory contribution as defined by Lallemand 

 

Production Method – Chardonnay 

The white wine was made from 100% Chardonnay grapes. Grapes were destemmed 

and crushed, with 30 mg/kg SO2 added at crushing. Grapes were pressed at 1 bar. 

The pH was adjusted using tartaric acid to 3.1-3.3. The juice was cold settled for 24 

hours at 8°C, and then warmed to 17-18°C for inoculation using Lalvin CY3079TM 

yeast. Once fermentation was complete, three aliquots were inoculated with three 

different LAB respectively: Beta, ML-Prime, and YV Select. MLF was considered 

                                                           
3 The Chardonnay wine was vinified at Charles Sturt University in their experimentally wine facility, and the 
Pinot Noir was vinified at an associate winery, in Carneros. 
4 All of the LAB strains used are Trademarked by Lallemand. 
5 Information obtained from technical data sheets 
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complete once malic acid was below 0.1 g/L6 and then 80 mg/L of SO2 was added. 

The wines were then racked and filtered before bottling. 

 

Production Method – Pinot Noir 

The red wine was made from 100% Pinot Noir grapes. The grapes were destemmed 

and crushed and then inoculated with Vitilevure 3001TM yeast. Must fermentation 

began at 17°C and increased to 27°C during the peak of fermentation. Manual 

punchdowns were carried out three times daily. Alcoholic fermentation was complete 

after 10 days, then pressing took place. A basket press was used with the end of 

pressing determined by tasting press fractions. Inoculation of two different LAB took 

place: VP41 and ML-Prime. MLF was considered complete once malic acid fell 

below 0.1 g/L. 

A non-MLF control was not provided for either wine as this study did not test the 

hypothesis that the assessors could taste the difference between non-MLF and MLF 

wines. 

 

4.1.2 Glassware 

Standard 21.5 cL ISO glasses were used for all tastings as recommended by the 

International Standards Office (2004). 

 

                                                           
6 ML-Prime converted over 4 g/L of malic acid into lactic acid, but the final malic acid concentration was still 
1.41 g/L. (This represents a conversion of over 75% of all the malic acid). 
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4.2 Participants 

For the Flash Profiling and Duo-Trio tests, a group of 10 experts7 were recruited 

using personal contacts of the researcher.  2 Masters of Wine (MW), 7 MW 

Students, and 1 WSET Diploma graduate, all regular blind tasters, agreed to 

participate. 6 were female, 4 were male. 

For the hedonic tastings, an ANOVA power analysis using 95% confidence level 

showed that a minimum of 60 educated consumers8 were needed to have a power of 

0.89. Similar studies (Bastian et al., 2010; Malherbe et al., 2013) have used 

populations of 50-70 tasters and Lawless and Heymann (2010) concur. 87 

consumers were recruited. To determine how many expert tasters would be needed 

for the hedonic tasting, Leske et al. (2013) suggest a target of 15-20 tasters; 25 were 

recruited.  

Educated consumers were recruited through the online WSET School London 

newsletter in November 2018, (reaching 2000 people). Demographics, contact 

information, and wine education were obtained for 201 people through an online 

questionnaire (surveymonkey.com). Only consumers who obtained Level 1 in Wines 

or higher were considered. Consumers were incentivised to participate with the 

chance to win a case of wine or a gift voucher (Burt, 2015). Of the 201 people who 

responded to the online questionnaire, 32 did not qualify due to lack of WSET 

education. The remaining 169 educated consumers were then invited in November 

and December 2019 to specific tasting time slots based on their demographics and 

education using Eventbrite.com. Of these, 87 agreed to participate. The expert group 

                                                           
7 Between 8-12 assessors is considered sufficient for Flash Profiling (Dairou and Siefferman, 2002; Mamede 
and Benassi, 2016) 
8 Educated Consumers are considered those who have completed at minimum Level 1 through the Wine and 
Spirits Education Trust (WSET). 
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for hedonic tastings was recruited through personal contacts – 71 people were 

directly contacted by the researcher, and 25 agreed to take part in the study (4 MWs, 

18 MW Students, 3 WSET Diploma graduates who are regular blind tasters). 

Age Range Male Female Total 

18-29 6 11 17 

30-39 14 16 30 

40-49 17 11 28 

50-59 6 3 9 

60+ 1 2 3 

Total 44 43 87 

Table 1: Consumer Demographics for the Hedonic study 

Age Range Male Female Total 

18-29 2 1 3 

30-39 6 8 14 

40-49 1 4 5 

50-59 1 0 1 

60+ 2 0 2 

Total 12 13 25 

Table 2: Expert Demographics for Hedonic Study 

 

4.3 Tastings 

4.3.1 Duo-Trio 

The International Standards Office Protocol (2004) for the Duo-Trio test was followed 

with all tastings taking place at the same time in the same venue, WSET School 

London, on December 5th, 2018 at 6:30pm. 10 experts9 participated. 50 mL of each 

wine was measured, using a graduated cylinder, and poured into ISO glasses, 

served at room temperature (20-21°C). Samples were prepared away from the 

assessors. Three-digit coded sampling was used, and samples were distributed at 

random between the assessors. Balanced Reference Technique was used. The 

                                                           
9 2 Masters of Wine (MW), 7 MW Students, one WSET Diploma graduate, all regular blind tasters. 
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three samples of each triad were presented simultaneously, following the same 

spatial arrangement (on a line, to be tasted from left to right). 

 

An example of the tasting sheet can be found in Appendix 2. Three triads for the 

Chardonnays and one triad for the Pinot Noirs were completed. Score sheets were 

collected after each triad was tasted and wines were removed. Assessors were 

asked not to discuss or comment on the wines during the trial. Results were 

manually entered into an Excel workbook and checked by an independent party for 

clerical errors. Tables from the International Standards Office Protocol (2004) – 

Appendix 3 were employed for determining the minimum number of correct 

responses and their alpha value. 

 

4.3.2 Flash Profiling 

Descriptive Analysis (DA) of the wines was required to create descriptors that could 

be used during the hedonic tastings. A number of methods, including traditional DA 

were reviewed. However, Flash Profiling (FP) was chosen as it is a faster, more 

cost-effective form of DA that does not require the training of an expert panel and 

gives similar results to conventional DA but in a quarter of the time (Dairou & 

Siefferman, 2002). Additionally, FP can differentiate between samples in a significant 

way, similar to a duo-trio test (Taillet, 2018). These tastings were carried out by 10 

experts10, over two sessions in the evening of December 5th, 2018 at WSET School 

London, using the protocol derived from FP experiments of Mamede et al. (2016), 

Dairou and Siefferman (2002), and Montanuci et al. (2015). 

                                                           
10 2 Masters of Wine (MW), 7 MW Students, one WSET Diploma graduate, all regular blind tasters. 
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Session 1 (40 minutes) – Attribute Generation  

50 mL of each wine was measured, using graduated cylinders, and poured into ISO 

glasses away from the assessors. The wines were served at room temperature (20-

21˚C). Assessors were told that no communication between them was allowed 

during the trial, as to ensure no one was influenced by others’ opinions. 

  

All samples for the Chardonnay, including a duplicate of YV Select,11 were presented 

simultaneously and the assessors were asked to evaluate each sample and record 

all the attributes they could perceive (colour, aroma, mouthfeel, texture, aftertaste), 

and were asked to focus on the differences between the wines. Assessors could re-

taste as many times as they wished.  

Once all samples were evaluated, assessors were asked to create a list of all the 

descriptive terms (avoiding hedonic descriptors) they had generated and to group 

them by modality (aroma, flavour, colour, mouthfeel).  

Assessors were then given a 10-minute break to refresh their palates whilst the 

researcher reviewed their lists and created a questionnaire for each assessor using 

their unique list of descriptive terms. Each term was associated with a scale and 

anchors of “-” and “+” were used (see Appendix 2 for example of FP Sample Ranking 

sheet). 

 

 

 

                                                           
11 This was suggested by Eric Taillet at Sensostat (Dijon, France) as a way to have duplication of samples but 
without having to run duplicate or triplicate tastings, thereby saving resources. 
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Session 2 (20 minutes) – Sample Ranking 

After the 10-minute break, assessors were presented with the wines again with their 

sample ranking questionnaire and asked to rank the wines from lowest to highest for 

each descriptor they generated. Data were then entered into an Excel spreadsheet 

by the researcher and checked for errors by a third party. This protocol was repeated 

for the Pinot Noir, with the repeat sample of VP41 for statistical analysis purposes.12 

 

Data were analysed by the Generalized Procrustes Analysis (GPA), using XLSTAT 

2019 statistical software (Addinsoft Long Island, NY). GPA is a powerful multivariate 

technique extensively used in sensory evaluation. The analysis uses translation, 

rotation, and isotropic scaling to minimise differences among panellists (Gower, 

1975; Paulos et al. 2015), identifies agreement between them, and summarises the 

sets of 3-dimensional data (samples, characteristics, and assessors). 

 

4.3.3 Hedonic Tasting with Consumers and Experts 

Hedonic tastings took place from January 15th – 26th, 2019 at WSET School London. 

Wines were opened and tasted by the researcher to ensure absence of bottle 

variation and to control for faults (Drew, 2018). Standard ISO glasses were marked 

using randomly generated three-digit codes to prevent bias, and then corresponding 

samples of 50 mL were poured by the researcher. All wines were pre-poured in a 

separate preparation room 30 minutes before the tasting commenced and then 

moved by trolley to the room. Samples were served in Completely Randomised 

Design13 to control for lurking variables. All samples were placed on tables along 

                                                           
12 See footnote 11 above. 
13 White wines were always tasted before red wines 
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with corresponding coded paperwork before participants arrived. Room temperature 

was noted using a digital room thermostat at this time (ranged between 20-21°C). 

Participants were then allowed into the tasting room and invited to sit where they 

liked. Each setting had 5 samples (3 white and 2 red), questionnaire, consent form, 

and instructions for the tasting (Drew, 2018) (Appendix 2).  

Tasters were instructed to taste one wine at a time, evaluate it, spit the wine out, 

rinse with water, and then move onto the next wine. This was done to help prevent 

them from ranking the wines (Lesschaeve et al., 2012). 

The questionnaire asked participants to rate the wine on a 9-point hedonic scale 

(Lawless and Heymann, 2010). The 9-point scale, anchored at the end points with 

“dislike extremely” and “like extremely”, was chosen over ranking as it is easier for 

the general consumer to understand (Wichchukit and O’Mahony, 2015).  

Finally, for each wine, participants had to circle up to three randomly ordered 

descriptors (Drew, 2018) that were previously created by the expert panel in FP, that 

the participants felt fit best with that particular wine. 8 words each were selected for 

the white and the red wine (chosen by the frequency by which they occurred in the 

FP session14), with a minimum occurrence of 5 out of 10 judges using the word. 

(Tables 3 & 4). 

 

 

 

                                                           
14 Bitterness was included as the educated consumers with less than Level 3 WSET knowledge may not have 
known how to describe tannins. Increased bitterness perception would then be linked with higher tannin 
perception. 
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Citrus 

Creamy 

Crisp 

Floral 

Green Fruit 

Mineral 

Rounded 

Stone Fruit 

Table 3: Descriptors presented to tasters during hedonic tastings for Chardonnay 

 

Bitter 

Cherry 

Earthy 

Floral 

Full Bodied 

Grippy Tannins 

Herbal 

Ripe Tannins 

Table 4: Descriptors presented to tasters during hedonic tastings for Pinot Noir 

 

Data were collected and entered into Excel by the researcher, checked by a third 

party, and analysed using XLSTAT 2019 statistical software (Addinsoft, Long Island, 

NY). 

 

4.4 Chemical Analyses 

Chemical analyses were completed in kind by Lallemand Oenology in Toulouse 

France. Aroma compounds were analysed using SPME (Solid Phase Micro-

Extraction) and Gas Chromatography, coupled with Mass Spectrometry (GC-MS). 

Saliva Precipitation Index (SPI), which measures the reactivity of salivary proteins to 

polyphenols in wine and is a good estimate of wine astringency, was determined 

using an SDS-PAGE method (Rinaldi et al., 2012).  
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5. Results and Analysis 

5.1 – Question 1 

Can experts perceive the differences in sensory effects elicited by three different 

LAB strains in a selected white wine and two different LAB in a selected red wine? 

To determine the answer to this question, two different methods were used: Duo-Trio 

test, and Flash Profiling.  

5.1.1 Duo-Trio Tests 

Strains tested Number of 
Assessors 

Correct 
Responses 

p-value 

Beta vs YV Select 10 5 >0.20 

YV Select vs ML-Prime 10 7 ≤0.20 

ML-Prime vs Beta 10 8 ≤0.10 
Table 5: Duo-Trio Test Results with Chardonnay 

 

Strains tested Number of 
Assessors 

Correct 
Responses 

Significance 

VP41 vs ML-Prime 10 8 ≤0.10 
Table 6: Duo-Trio Test Results with Pinot Noir 

Based on the minimum correct responses needed when using 10 assessors to 

determine that a perceptible difference exists (Appendix 3), the results show that one 

can assign at least a 90% probability (Table 6) that there is perceptible difference 

between VP41 and ML-Prime used in the Pinot Noir. One can be similarly 90% 

certain that there is a perceptible difference between ML-Prime and Beta when used 

in the Chardonnay (Table 5). The numbers are less persuasive with YV Select vs 

ML-Prime, with only 80% certainty, and the assessors could not find a perceptible 

difference between Beta and YV Select (Table 5). 
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5.1.2 Flash Profiling 

FP was mainly used to create descriptors that could be used for the hedonic tastings 

(Tables 3 & 4), however FP can also be used to test for significant differences 

between products, and then can demonstrate where those differences lie within the 

product. 

Using Discriminant Analysis, as suggested by Eric Taillet (personal communication, 

3 February, 2019), in XLSTAT 2019, on the object co-ordinates taken from GPA, it is 

possible to see that the 10 assessors were able to differentiate the wines quite 

clearly using FP (Figures 1 & 2).  

 

Figure 1: Discriminant Analysis with significance level of 5% of GPA coordinates of 

three different LAB Strains in Chardonnay. 

 

Figure 1 shows the assessors were able to differentiate the three LAB in 

Chardonnay; however, there is a small overlap between Beta and YV-Select, which 

is the pair that the assessors were not able to differentiate using the Duo-Trio test. 
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Interestingly the two LAB that overlapped are both O. oeni, whereas ML-Prime is L. 

plantarum, indicating that differentiating between genera may be easier than 

differentiating between strains. However, when the confusion matrix is observed 

(Table 7), it is possible to see that there was only one observation where Beta was 

confused with YV-Select – again, confirming that these products were able to be 

differentiated using FP. 

From \ To Beta ML-Prime YV Select Total % correct 

Beta 9 0 1 10 90.00% 

ML-Prime 0 10 0 10 100.00% 

YV Select 1 0 9 10 90.00% 

Total 10 10 10 30 93.33% 

Table 7: Confusion Matrix observations from Discriminant Analysis on three different 

LAB Strains in Chardonnay. 

 

 

Figure 2: Discriminant Analysis with significance level of 5% on GPA coordinates of 

two different LAB Strains in Pinot Noir. 

 

Figure 2 shows that 10 assessors were able to differentiate between the two different 

LAB in Pinot Noir, which is consistent with the Duo-Trio test. When the confusion 
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matrix is observed (Table 8), it is also possible to see that there were no 

observations where ML-Prime was confused with VP41. 

from \ to ML-
Prime 

VP41 Total % 
correct 

ML-Prime 10 0 10 100.00% 

VP41 0 10 10 100.00% 

Total 10 10 20 100.00% 

Table 8: Confusion Matrix observations from Discriminant Analysis on two different 

LAB Strains in Pinot Noir. 

 

Not only does FP show that the 10 expert assessors could differentiate between the 

various strains of LAB in Chardonnay and Pinot Noir, it clearly illustrates the 

attributes on which the assessors differentiated the wines (Figures 3 & 4). 

Figure 3 shows that 10 assessors found the Beta strain of LAB to be highly 

correlated with creaminess, rounded texture, and tropical fruit aromas. They also 

associated it with floral, savoury notes, and richness. Some of these aromas are 

associated with MLF, and higher levels of diacetyl (Ribereau-Gayon, et al. 2006); 

Beta also shows increased levels of diacetyl in the chemical analysis data (Table 

31). Beta was also found to be negatively correlated with descriptors of crisp, 

herbaceous, citrus, mineral, phenolic, green fruit and lean, however YV Select was 

positively associated with these descriptors. ML-Prime is positively correlated with 

stone fruit descriptor, however is loosely associated with citrus and herbaceous 

notes as well. 
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Figure 3: Consensus configuration: representation of the correlation between 

descriptors and their 1st and 2nd dimensions and groups of LAB strains in 

Chardonnay. F1 = 1st principal component of GPA. F2=2nd principal component of 

GPA. 

 

Figure 4 shows that the 10 assessors found the VP41 strain to be highly correlated 

with grippy tannins, herbal, and floral aromas. They also associated it with cherry, 

and high levels of acidity.  The higher levels of grippy tannins in VP41 do not seem 

to be linked to the Saliva Precipitation Index (Table 32). VP41 was also found to be 

negatively correlated with descriptors of spicy, savoury, full bodied, and earthy, 

however ML-Prime was positively associated with these descriptors. ML-Prime and 

VP41 are both loosely correlated with descriptors of red fruit, raspberry and ripe 

tannins. 
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Figure 4: Consensus configuration: representation of the correlation between 

descriptors and their 1st and 2nd dimensions and two LAB strains Pinot Noir. F1 = 1st 

principal component of GPA. F2=2nd principal component of GPA. 

 

5.1.3 Analysis of Question 1 Results 

Although the Duo-Trio test did not differentiate all three strains to a high level of 

confidence in the Chardonnay, and to only to 90% confidence level in the Pinot Noir, 

this is perhaps not surprising due to the small sample size of assessors. Despite the 

fact that the assessors are regular blind tasters and experts in their field, it can be 

difficult to differentiate products with subtle differences with a Duo-Trio test when 

participant numbers are low and levels of false negatives (type II or Beta error) tend 

to be higher (Society of Sensory Professionals, 2019.) 

However, in FP, where assessors use descriptors to help them focus at a granular 

level on the differences between the products, and also in which they spend more 

time tasting each wine, the products could be differentiated to a 95% confidence 
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level in each case (Figures 1 & 2). This method not only provided strong evidence 

the different LAB in each wine could be differentiated, but also details of the drivers 

of those differences (Figures 3 & 4).  

To corroborate these results, Beta’s description as creamy and rounded is consistent 

with higher levels of diacetyl, and lower levels of malic acid found through chemical 

analysis (Table 31) which adds credibility to this method of Descriptive Analysis. 

Though the physical differences between the wines (Tables 27 & 28) are not very 

large, this test has shown that trained experts appear to be able to detect and 

identify differences not only between different genera of LAB but also specific 

strains.  

Though LAB traditionally have been used to soften acidity (Bartowsky and 

Henschke, 1995), increase microbial stability through MLF, and perhaps add buttery 

aromas in white wines through diacetyl production (Ribereau-Gayon et al., 2006.), 

this test shows that even subtle differences between the strains can have a 

differentiating effect on the style of wine produced, which concurs with Bartowsky & 

Borneman’s findings (2011). These differences could be used to the advantage of 

the winemaker to help achieve a desired aroma profile to differentiate their wines in 

the marketplace, or perhaps to increase complexity through adding additional layers 

of aroma, adjusting how tannins are perceived, or tweaking what type of fruit is 

expressed, just as is done with yeast selection during alcoholic fermentation. 
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5.2 – Question 2 

Do consumers and experts have a hedonic preference for any LAB strain? 

 

Note on Statistical Analysis: 

Non-parametric tests should be used with this data because Likert scale data is not 

continuous, and therefore not normal (Rumsey, 2009. pp. 314; Lawless and 

Heymann, 2010. pp. 503). 

 

The Friedman test15 was used to determine if there was a significant difference in 

hedonic liking between the three LAB in Chardonnay, once for the consumers (n=87) 

and again for the experts (n=25).  

 

5.2.1 Chardonnay 

5.2.1a – Experts  

 

Bacteria Observations Minimum Maximum Mean SD 

YV Select 25 3.000 8.000 5.360 1.578 

ML-Prime 25 3.000 7.000 5.240 1.268 

Beta 25 2.000 8.000 5.920 1.579 

Table 9: Summary Statistics from hedonic tasting of three different LAB in 

Chardonnay when tasted by 25 experts with the highest mean highlighted – Beta. 

 

 

 

 

 

                                                           
15 The Friedman test is the non-parametric alternative to the one-way ANOVA with repeated measures. It is 
used to test for differences between groups when the dependent variable being measured is ordinal or scaled. 
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Q (Observed value) 6.816 

Q (Critical value) 4.605 

DF 2 

p-value (one-tailed) 0.033 

alpha 0.05 

Table 10: Friedman’s test on Chardonnay LAB from Experts – showing a significant 

difference between the means at a 95% significance level with the p-value 

highlighted. 

 

Table 10 shows that the null hypothesis, that there is no difference in liking for 

experts in the three different LAB in Chardonnay, can be rejected. Post-hoc analysis 

using Nemeyni’s procedure was then used to determine where the differences in 

liking lie. 

 

Bacteria Frequency Sum of ranks Mean of ranks Groups 

ML-Prime 25 43.500 1.740 A   

YV Select 25 47.500 1.900 A B 

Beta 25 59.000 2.360   B 

Table 11: Multiple pairwise comparisons using Nemenyi's procedure / Two-tailed test 

at a 90% confidence level. 

 

Table 11 shows that two different groups were found and that the two LAB that did 

have a significant difference in liking were Beta and ML-Prime (Table 12). Referring 

to Table 9, this means that Beta was the preferred strain for experts in Chardonnay. 

 

 YV Select ML-Prime Beta 

YV Select 1 0.838 0.237 

ML Prime 0.838 1 0.075 

Beta 0.237 0.075 1 

Table 12: p-values showing that Beta and ML-Prime are significantly different in 

hedonic liking for the experts in Chardonnay at a 90% confidence level. 

 

                                                           
 They were not significantly different at a 95% confidence level. 
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5.2.1b – Consumers 

 

Variable Observations Minimum Maximum Mean SD 

YV Select 87 2.000 8.000 4.885 1.581 

ML-Prime 87 2.000 9.000 4.793 1.665 

Beta 87 2.000 8.000 4.920 1.672 

Table 13: Summary Statistics of hedonic tasting of three different LAB strains in 

Chardonnay when tasted by 87 consumers with the highest mean highlighted – Beta. 

 

Q (Observed value) 0.255 

Q (Critical value) 4.605 

DF 2 

p-value (one-tailed) 0.880 

Alpha 0.1 

Table 14: Friedman’s test on hedonic liking by consumers of three different LAB 

strains in Chardonnay – showing no significant difference between the means at a 

95% confidence level. 

 

Table 14 shows that the null hypothesis, that there is no difference in liking between 

the strains for the group of consumers, cannot be rejected. 

 

Further analysis was carried out to determine whether there were differences in 

hedonic liking based on wine education levels within the consumer group. Chart 1 

suggests that those with Level 1 WSET education preferred YV Select, whereas 

those with a Level 2 or 3 WSET education did not have a preference, and those with 

the WSET Diploma preferred ML-Prime, and the expert group preferred Beta. 
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Chart 1: Comparison of means of hedonic liking of three different LAB strains in 

Chardonnay segregated by level of wine education. 

 

To determine if any of these observations were significant in the consumer group, a 

Friedman test was run at 95% significance level for each education level (Table 15). 

No significant differences were found in Level 1, Level 2, or Level 3, and therefore 

we cannot conclude that they had a particular preference for any LAB. With the 

Diploma group (p=0.043) it is possible to conclude that there is a difference, 

however, with such a small sample size (n=8) (Appendix 3 for summary statistics) 

these results are not robust. It can also be noted that given the presence of 5 distinct 

groups, the odds that at least one of them would display a false rejection of the null 

hypothesis are elevated.  

Education 
Level p-value 

Diploma 0.043 

Level 3 0.396 

Level 2 0.81 

Level 1 0.497 

Table 15: Friedman test p-values summary showing that only Diploma Level 

consumers had a significant difference in hedonic liking (at a 95% confidence level) 

of certain LAB strains in Chardonnay. 
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5.2.2 Pinot Noir 

5.2.2a – Experts 

The Wilcoxon signed-rank test16 was used to determine if there was a significant 

difference in hedonic liking between the two LAB in Pinot Noir, once for the 

consumers (n=87) and again for the experts (n=25). 

 

Variable Observations Minimum Maximum Mean SD 

VP41 25 2.000 8.000 5.800 1.443 

ML-Prime 25 2.000 8.000 5.080 1.579 

Table 16: Summary Statistics of hedonic tasting of two different LAB in Pinot Noir 

when tasted by 25 experts with the highest mean highlighted (VP41). 

 

V 127.500 

V (standardised) 2.463 

Expected value 76.500 

Variance (V) 428.625 

p-value (Two-tailed) 0.014 

Alpha 0.05 

Table 17: Wilcoxon signed-rank test on two Pinot Noir LAB from Experts showing a 

significant difference between the means at a 95% significance level. 

 

Table 16 shows that the null hypothesis can be rejected, implying VP41 is the 

preferred strain of the experts. 

 

5.2.2b – Consumers 

Variable Observations Minimum Maximum Mean SD 

VP41 87 1.000 9.000 5.069 1.934 

ML-Prime 87 1.000 8.000 5.057 1.937 

Table 18: Summary statistics of hedonic tasting of two different LAB in Pinot Noir 

when tasted by 87 consumers. 

 

                                                           
16 The Wilcoxon signed-rank test is the non-parametric alternative to the student’s t-test. It is used to test for 
differences between two groups when the dependent variable being measured is ordinal or scaled. 
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V 846.500 

V (standardised) -0.072 

Expected value 855.500 

Variance (V) 15668.125 

p-value (Two-tailed) 0.943 

Alpha 0.05 

Table 19: Wilcoxon signed-rank test on two Pinot Noir LAB from Consumers showing 

no significant difference between the means at a 95% significance level. 

 

Table 18 shows we cannot reject the null hypothesis that there is no difference in 

liking between the two strains for the group of consumers. 

 

Further analysis was carried out to determine whether there were differences in 

hedonic liking based on wine education levels within the consumer group. Chart 2 

shows that, on average, those with Level 1 WSET education preferred ML-Prime, 

whereas those with either a Level 2 or 3 WSET education did not seem to have a 

preference, and those with the WSET Diploma preferred ML-Prime, which is different 

again to what the expert group preferred (VP41). 

 

 

Chart 2: Comparison of means of hedonic liking of two different LAB strains in Pinot 

Noir segregated by level of wine education. 
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To determine whether any of these observations were statistically significant in the 

consumer group, a Wilcoxon signed-rank test was run at 95% significance level for 

each education level (Table 20). No significant differences were found in any of the 

education levels. With the Diploma group (n=8) and the Level 1 group (n=3) 

(Appendix 3 for summary statistics) the small sample sizes suggest these results are 

not powerful, nor robust, and would require further investigation. 

  

Education Level p-value 

Diploma 0.276 

Level 3 0.358 

Level 2 0.949 

Level 1 0.102 

Table 20: Wilcoxon signed-rank test p-values summary showing that there were no 

significant differences in hedonic liking (at a 95% confidence level) between the two 

LAB strains in Pinot Noir for any of the education levels for the consumer group. 

 

 

5.2.3 Analysis of Question 2 Results 

There were differences found in hedonic preference between the strains, with 

experts preferring Beta in Chardonnay and preferring the VP41 in Pinot Noir. No 

significant differences were found in preference for the consumers in the three LAB 

used in Chardonnay nor the two used in Pinot Noir. It seems possible that Diploma 

educated consumers may have preferred ML-Prime in the Chardonnay, however 

with a sample size of 8, the power of this result is not robust and further investigation 

would be advisable before reaching a conclusion (despite the low p-value) to 

determine whether education level amongst consumers impacts LAB strain 

preference. 

 

These findings are very interesting when education levels are considered. Experts 

for the hedonic tasting consisted of 4 MWs, 18 MW Students, and 3 WSET Diploma 
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graduates who are regular blind tasters. All of these experts are frequently involved 

in blind tasting, whereas the educated consumers are not. Those with this blind 

tasting experience have clear preferences in liking, whereas those with some wine 

knowledge (WSET Level 1 through to Diploma) but little or no experience in blind 

tasting, do not. This is consistent with Frøst and Noble’s findings (2002) where the 

level of blind tasting experience had a significant impact on hedonic liking. It may be 

that the differences between wines, though apparent to the experts, were too subtle 

for many consumers, and only those who regularly taste blind, and therefore are 

skilled in perceiving the nuances between wines, can differentiate and express a 

preference. However, this may not be the case for all strains of LAB in all wines, as 

Malherbe (2010) has shown with smaller numbers of consumers (n=57), that had 

little or no wine education, that preferences can be seen between different strains in 

red wine, and so this area requires further investigation. 

It should also be noted that the largest differences in preference were consistent with 

differences between O. oeni and L. plantarum, again, suggesting that though these 

are both LAB, the different genera have an even more profound influence than those 

from within the same genus, consistent with Capello’s et al. (2017) review. 
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5.3 – Question 3 

Are there any differences in preference between consumers and experts? 

 

5.3.1 – Chardonnay  

 
The Kruskal-Wallis test17 was used to determine whether there was a significant 

difference in hedonic liking between the two groups of tasters for each of the LAB in 

Chardonnay.  

 

Variable Observations Minimum Maximum Mean SD 

YV Select | Consumers 87 2.000 8.000 4.885 1.581 

YV Select | Experts 25 3.000 8.000 5.360 1.578 

ML Prime | Consumers 87 2.000 9.000 4.793 1.665 

ML Prime | Experts 25 3.000 7.000 5.240 1.268 

Beta | Consumers 87 2.000 8.000 4.920 1.672 

Beta | Experts 25 2.000 8.000 5.920 1.579 

Table 21: Summary Statistics of hedonic tasting of three different LAB in 

Chardonnay when tasted by 87 consumers and 25 experts, showing both groups 

had Beta as their highest mean. 

 

 

Bacteria p-value 

YV Select 0.234 

ML Prime 0.222 

Beta 0.011 

Table 22: Summary p-value table of Kruskal-Wallis test with 95% confidence level on 

the difference in preference between consumers and experts of three different LAB 

strains in Chardonnay. 

 

Table 22 indicates that the only strain in Chardonnay that showed a significant 

difference in preference between consumers and experts was Beta. The summary 

                                                           
17 The Kruskal-Wallis test is the non-parametric alternative to ANOVA. It is used to test for multiple 
comparisons between independent data sets, in this case consumers versus experts (with three variables of 
LAB) (Rumsey, D. 2009). 
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statistics (Table 21) indicate that the experts preferred Beta much more than the 

consumers did. 

 

5.3.2 – Pinot Noir  

The Mann-Whitney U test18 was used to determine if there was a significant 

difference in hedonic liking between the two groups of tasters for each LAB in Pinot 

Noir.  

 

Variable Observations Minimum Maximum Mean SD 

VP41 | Consumer 87 1.000 9.000 5.069 1.934 

VP41 | Expert 25 2.000 8.000 5.800 1.443 

ML-Prime | Consumer 87 1.000 8.000 5.057 1.937 

ML-Prime | Expert 25 2.000 8.000 5.080 1.579 

Table 23: Summary Statistics of hedonic tasting of two different LAB in Pinot Noir 

when tasted by 87 consumers and 25 experts, with the VP41 mean for experts 

highlighted. 

 

 

Bacteria p-value 

VP41 0.098 

ML-Prime 0.890 

Table 24: Summary p-value table of Mann-Whitney U test with 90% confidence level 

on the difference in preference between consumers and experts of two different LAB 

strains in Pinot Noir. 

 

Table 24 shows that there is a difference between preference of the consumers and 

experts for the VP41 strain. The summary statistics (Table 23) indicate that the 

experts preferred VP41 compared to ML-Prime while consumers rated them equally. 

 

                                                           
18 The Mann-Whitney is the non-parametric alternative to the t-test. It is used to test for comparisons 
between two independent data sets, in this case comparing means between experts and consumers. (Rumsey, 
D. 2009). 
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5.3.3 Analysis of Question 3 Results 

There was a clear difference in hedonic liking between the two groups (consumer vs 

experts) with significant differences in liking for Beta in Chardonnay and VP41 in 

Pinot Noir.  

 

Reviewing the overall mean ratings from experts vs consumers (Tables 21 and 23), 

one can see that the experts are consistently rating wines more highly. It has been 

shown by Cliff et al. (2016) that an increase in wine education can increase overall 

hedonic liking scores. Similarly in a review by Alba and Williams (2012), it is stated 

that expertise in a field can be linked to an increase in reported hedonic pleasure of 

products from that field, which helps explain the differences in liking here. 

 

Even though a significant difference in liking between the LAB in Chardonnay was 

not found for consumers (Table 14), it can be noted that Beta did have the highest 

mean for both the consumers and the experts (Table 21). And in Chart 1 we can see 

that Beta was preferred by those with Level 2 and Level 3 WSET education. Perhaps 

the lower level of malic acid (Table 29) and higher concentration of diacetyl (Table 

31) is part of the reason the experts favoured this strain. Further research into level 

of wine education and diacetyl perception and liking would be an interesting avenue 

of inquiry. 
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5.4 – Question 4 

Is there a correlation between certain descriptors (obtained through Flash Profiling) 

and hedonic liking? 

 

5.4.1 – Chardonnay  

5.4.1a – Experts  

Chart 3 shows that experts in the hedonic tasting used the descriptors “creamy”, 

“stone fruit”, and “rounded” much more frequently for Beta (creamy = 10, stone fruit = 

9, rounded = 6)  while using “crisp” much less frequently (crisp = 11).  Beta was also 

described as “creamy” and “rounded” and negatively correlated with “crisp” by the FP 

expert panel (Figure 3).  

 

 

Chart 3: Frequency of descriptors used by experts in hedonic tastings for three 

different LAB strains in Chardonnay. Selected differences in terms relating to the 

Beta strain are highlighted with red rectangles. 

 

Principal Component Analysis (PCA) (Figure 5) illustrates the relationship between 

descriptors chosen by experts during the hedonic tasting and strain of LAB tasted in 
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Chardonnay. It shows that experts chose the descriptors “creamy”, “rounded” and 

“stone fruit” to describe Beta, and the use of “citrus” and “crisp” were negatively 

correlated with Beta.  

 

 

 

Figure 5: Principal Component Analysis representation of the correlation between 

descriptor frequencies used by experts during the hedonic tasting to describe three 

different LAB strains in Chardonnay.  

 

 

As Beta is the preferred strain for the experts (Table 9) it is tempting to infer that a 

wine described as rounded, creamy with stone fruit aromas, is preferred by the 

experts. However, using Spearman’s Rank Correlation19 for each strain comparing 

hedonic rating and descriptors used (Table 25) it was found that though creamy is 

                                                           
19 Spearman Rank Correlation is the equivalent of Pearson Correlation test but used for non-parametric data, 
such as when data is ordinal (Lawless & Heymann, 2010). 
 Descriptors were not ranked, but rather for each descriptor that was used by each taster a value of 1 was 
assigned and those that were not used a value of 0 was assigned. 
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used more frequently, it was not significantly positively correlated with a higher rating 

either overall, nor for Beta. Rather, being described as “citrus” was negatively 

correlated with liking and “mineral” and “stone fruit” flavours were positively 

correlated with liking. The liking for wines with a mineral flavour or aroma is mostly 

driven by participants identifying this attribute in YV Select. 

 

 

Table 25: Spearman Rank Correlation values and p-values showing correlation 

between liking rating and descriptors used to describe LAB strains in Chardonnay by 

experts. “Overall” takes into account all strains of LAB. Red indicates a significant 

negative correlation and green indicates a significant positive correlation to a 95% 

confidence level. 

 

Although preference for Beta cannot be solely explained by an increased use in the 

descriptor “creamy”, Table 25 shows that perhaps experts take a more holistic 

approach to rating a wine rather than looking for specific descriptors which they 

favour. For experts, the preference for Beta cannot be explained by one or two 

specific descriptors. This situation seems intuitively right; one would expect experts 

to perceive hedonic liking on the basis of the totality of the components rather than 

being driven only by one or two overarching factors. 

 

Variables Overall Beta ML-Prime YV Select Overall Beta ML-Prime YV Select

Citrus -0.261 -0.105 -0.316 -0.327 0.024 0.616 0.124 0.111

Creamy 0.056 0.134 0.032 -0.271 0.634 0.521 0.881 0.190

Crisp -0.086 -0.305 -0.029 0.275 0.460 0.138 0.892 0.182

Floral 0.008 -0.117 0.279 -0.062 0.943 0.577 0.177 0.766

Green Fruit -0.132 -0.286 0.258 -0.250 0.257 0.165 0.212 0.227

Mineral 0.258 0.140 -0.088 0.644 0.026 0.502 0.675 0.001

Rounded 0.126 0.234 0.180 -0.113 0.279 0.258 0.387 0.589

Stone Fruit 0.231 0.310 0.157 0.061 0.046 0.132 0.452 0.772

Correlation (Spearman): p-values (Spearman)
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5.4.1b – Consumers  

As there was no significant difference in the average consumer liking across strains 

in Chardonnay, it is not obvious how descriptors correlate to preference. Chart 4 

shows the frequency of certain descriptors used by the consumers is similar to those 

used by the experts. PCA was used to determine how the descriptors consumers 

used related to strain (Figure 6). This shows that “Creamy” and “Stone Fruit” are 

positively correlated to Beta, whilst “Crisp” is negatively correlated to Beta.  

 

Chart 4: Frequency of descriptors used by consumers in hedonic tastings for three 

different LAB strains in Chardonnay. Selected differences in terms relating to the 

Beta strain are highlighted with red rectangles.  
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Figure 6: Principal Component Analysis representation of the correlation between 

descriptor frequencies used by consumers during the hedonic tasting to describe 

three different LAB strains in Chardonnay.  

 

Upon further investigation using Spearman’s Rank Correlation (Table 26), it can be 

seen that “Creamy” drove liking overall, and in all LAB individually. Overall, 

“Rounded”, “Stone Fruit” and “Mineral” were again positively correlated with liking. 

As was the case with the experts, “Citrus” was negatively correlated to liking, and in 

ML-Prime, “Crisp” was negatively correlated to liking.  
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Table 26: Spearman Rank Correlation values and p-values showing correlation 

between liking rating and descriptors used to describe LAB strains in Chardonnay by 

consumers. “All” takes into account all strains of LAB. Red indicates a significant 

negative correlation and green indicates a significant positive correlation to a 95% 

confidence level. 

 

Though no specific strain was strictly preferred by the consumers, it is clear that 

certain descriptors drove liking amongst individuals, with “Creamy” being the most 

consistent through the strains. Perhaps it was difficult for consumers to determine 

whether one strain or another was creamier, due to less practised tasting abilities. 

 

5.4.2 Pinot Noir 

5.4.2a – Experts  

VP41 is the LAB (Table 16) preferred by the experts in the hedonic tasting, and in 

Chart 5 a positive descriptor “ripe tannins” is used more frequently for VP41 and a 

negative descriptor “bitter” is used much more frequently with ML-Prime. This is 

somewhat different to how the expert panel described these two wines during FP 

(Figure 4), where VP41 had “Grippy Tannins” rather than “Ripe Tannins”, though just 

as in FP, VP41 was described as the most “Herbal” during the selection of 

descriptors in the hedonic tasting. 

 

Variables All Beta ML-Prime YV Select All Beta ML-Prime YV Select

Citrus -0.167 -0.149 -0.287 -0.059 0.007 0.169 0.007 0.588

Creamy 0.237 0.285 0.201 0.208 < 0.0001 0.008 0.062 0.054

Crisp -0.081 0.034 -0.216 -0.049 0.194 0.757 0.044 0.652

Floral 0.075 0.099 0.063 0.061 0.224 0.361 0.559 0.576

Green Fruit -0.054 -0.049 0.071 -0.196 0.387 0.651 0.514 0.069

Mineral 0.105 -0.089 0.266 0.142 0.090 0.412 0.013 0.191

Rounded 0.155 0.172 0.186 0.111 0.012 0.112 0.084 0.306

Stone Fruit 0.193 0.192 0.259 0.115 0.002 0.074 0.016 0.289

Correlation (Spearman): p-values (Spearman)
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Chart 5: Frequency of descriptors used by experts in hedonic tastings for two 

different LAB strains in Pinot Noir. Selected differences in terms highlighted with red 

rectangles. 

 

PCA (Figure 7) was used to determine whether there was a correlation between 

descriptors chosen by experts during the hedonic tasting and the two strains of LAB 

tasted in Pinot Noir. It shows that experts associated the descriptors of “Earthy”, 

“Ripe Tannins”, “Full Bodied” and “Herbal” with their preferred strain, VP41.  
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Figure 7: Principal Component Analysis representation of the correlation between 

descriptor frequencies used by experts to describe two different LAB strains in Pinot 

Noir.  

 

Further analysis using Spearman’s Rank Correlation (Table 27) shows that when 

experts described a wine as “Bitter” or having “Grippy Tannins” these were very 

negatively correlated with liking. ML-Prime is shown to have a strong correlation with 

these descriptors and indicates why experts would have rated VP41 more highly. 

Liking of VP41 also shows a significant positive correlation to “Earthy”. Even though 

“Herbal” was more frequently used for VP41, it does not seem to be a significant 

driver of liking. 
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Table 27: Spearman Rank Correlation values and p-values showing correlation 

between liking rating and descriptors used to describe LAB strains in Pinot Noir by 

experts. “All” takes into account both strains of LAB. Red indicates a significant 

negative correlation and green indicates a significant positive correlation to a 95% 

confidence level. 

 

5.4.2b - Consumers 

As there was no preferred strain amongst consumers for a LAB in Pinot Noir (Table 

18), it is difficult to say how their descriptor choices are correlated to their 

preference. Chart 6 shows that consumers used similar words to describe the two 

wines, again, showing that, on average, they had no preference. 

 

 

Chart 6: Frequency of descriptors used by consumers in hedonic tastings for 2 

different LAB strains in Pinot Noir. 

Variables All VP41 ML-Prime All VP41 ML-Prime

Bitter -0.593 -0.334 -0.753 < 0.0001 0.103 < 0.0001

Cherry 0.195 0.199 0.208 0.173 0.338 0.317

Earthy 0.288 0.459 0.123 0.043 0.022 0.555

Floral 0.224 0.203 0.381 0.118 0.328 0.061

Full Bodied 0.007 0.203 -0.158 0.960 0.328 0.448

Grippy Tannins -0.348 -0.153 -0.515 0.014 0.463 0.009

Herbal 0.245 0.077 0.311 0.086 0.713 0.131

Ripe Tannins 0.149 -0.149 0.339 0.302 0.475 0.097

Correlation (Spearman): p-values (Spearman)
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Spearman’s Rank Correlation was used to determine if certain descriptors could be 

correlated to liking (Table 28). As expected, bitterness and grippy tannins were 

negatively correlated with liking. However, unlike for the experts, bitterness was a 

significant negative descriptor in both wines, rather than just ML-Prime.  Indeed, 

consumers used “Bitter” more frequently with VP41, but despite this, they also 

employed descriptors that were positively correlated with overall liking more 

frequently with VP41, such as “Ripe Tannins”, “Earthy” and “Full Bodied”. This could 

indicate why it was difficult for consumers to have a preference in this case as, 

although VP41 had more descriptors that were positively correlated with liking, it also 

had a higher number of mentions of “Bitter” and an equal number of mentions of 

“Grippy Tannins”. 

 

 

Table 28: Spearman Rank Correlation values and p-values showing correlation 

between liking rating and descriptors used to describe LAB strains in Pinot Noir by 

consumers. “All” takes into account both strains of LAB. Red indicates a significant 

negative correlation and green indicates a significant positive correlation to a 95% 

confidence level. 

 

 

Variables All VP41 ML-Prime All VP41 ML-Prime

Bitter -0.490 -0.384 -0.605 < 0.0001 0.000 < 0.0001

Cherry 0.082 0.144 0.012 0.279 0.183 0.912

Earthy 0.171 0.187 0.150 0.024 0.082 0.164

Floral 0.242 0.281 0.206 0.001 0.008 0.056

Full Bodied 0.234 0.301 0.162 0.002 0.005 0.133

Grippy Tannins -0.185 -0.288 -0.078 0.014 0.007 0.470

Herbal 0.030 -0.001 0.060 0.690 0.993 0.579

Ripe Tannins 0.392 0.340 0.444 < 0.0001 0.001 < 0.0001

Correlation (Spearman): p-values (Spearman)
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5.4.3 Analysis of Question 4 Results 

During FP the expert panel used the words “Creamy”, “Rounded”, and “Tropical 

Fruit” to describe Beta in Chardonnay. “Crisp” was negatively correlated to Beta and 

positively correlated to ML-Prime (Figure 3). Beta was the preferred strain of the 

experts during the hedonic tasting, and when they chose descriptors from a word 

cloud (Appendix 2) they also chose the words “Creamy”, “Rounded”, and “Stone 

Fruit” and did not use “Crisp” to describe it.  

 

Spearman’s Rank Correlation showed that for both experts and consumers, “Citrus” 

was negatively correlated with liking. For experts “Mineral” and “Stone Fruit” were 

positively correlated with liking. For consumers “Creamy” was positively correlated 

overall and for each individual strain with liking. 

 

Overall, experts preferred a wine that was described more commonly as creamy with 

a rounded texture and ripe fruit characters but not necessarily crisp (i.e. lower in 

acidity, see Table 25). Consumers did not have a significant preference for a strain, 

but still described Beta (which had the highest mean) as creamy with stone fruit 

aromas and flavours, which is similar to how experts described the wine.  

 

These findings are similar to those found by Francis et al. (2010) where the highest 

proportion (41%) of 203 consumers preferred Australian Chardonnays that were 

more viscous, or creamy, with butter aromas, followed by 36% of consumers who 

negatively scored Chardonnays with high levels of acidity or astringency. 
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While there has been a trend towards more restrained styles of Chardonnay with 

less or no oak and the prevention of MLF (Schmitt, 2018), this study shows that 

during a blind tasting, consumers prefer wines with some creaminess and roundness 

to a lean and high acid version. It should be noted that experts positively correlated 

“Mineral” with liking, consistent with the trend towards more restrained styles of 

Chardonnay. 

 

For the two Pinot Noir strains compared during FP, the expert panel used the words 

“Herbal”, “Grippy Tannins”, and “Floral” to describe VP41. VP41 was the experts’ 

preferred strain during the hedonic tasting, and they chose descriptors of “Ripe 

Tannins”, “Herbal”, and “Earthy”, and used “Bitter” to describe the strain they did not 

prefer (ML-Prime). Whilst these terms differ from those found in FP, the “Herbal” 

descriptor is the same, pointing to a correlation between herbal, non-bitter Pinot Noir 

and hedonic liking for the experts. The difference between descriptors created during 

FP and the subset chosen in the expert hedonic tasting could be explained by palate 

fatigue, which is more common with red wines (Lockshin, 2010). Note the experts 

were allowed to taste the red wines as many times as they wished in FP, whereas in 

the hedonic tasting they tasted each wine just once. 

 

There was no preference for any LAB in Pinot Noir by the consumers. When 

observing the use of descriptors by consumers (Chart 6), the frequency is similar for 

each strain, supporting the conclusion that the consumers had difficulty 

differentiating between the two LAB in Pinot Noir, despite them belonging to different 

genera. 
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Spearman’s Rank Correlation also confirmed that for both experts and consumers, 

“Grippy Tannins” and “Bitter” were negatively correlated with liking. 

 

Notably, the preference expressed by the expert group for herbal and earthy 

character was not expected, as many (albeit, mostly consumer-focussed) studies 

(Malherbe, 2010; Mueller et al., 2001) have shown that fruity wines are preferred. 

However, a study by the AWRI (Osidacz et al., 2010) showed that consumers 

preferred red wines spiked with a minty compound over those that were not. As both 

Pinot Noirs in this instance had the same count of the “Cherry” descriptor in the 

expert group, and neither had “Cherry” positively correlated with liking, perhaps it 

was the slightly more herbal aroma of the VP41, along with its less bitter flavour that 

made it the favoured wine. 

 

5.5 – Question 5 

Is there a correlation between specific chemical compounds produced by specific 

LAB and hedonic liking? 

 

5.5.1 – Chardonnay  

Experts had a preference for Beta in Chardonnay and described it as “Creamy”, 

“Rounded” and having “Stone Fruit” aromas, during the hedonic tasting. It was 

negatively correlated with the word “Crisp”. During FP experts also described Beta 

as “Creamy”, “Rounded”, “Tropical”, “Floral”, and “Savoury”, and negatively 

correlated it with “Crisp”, “Citrus”, “Herbaceous”. Consumers and experts alike 

described ML-Prime as the most “Crisp” (Charts 3 & 4). 
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These findings correlate with the chemical analyses (Tables 29 & 31) showing that 

Beta has the highest level of diacetyl (0.8 mg/L), one of the lowest levels of malic 

acid (0.21 mg/L), and the lowest titratable acidity (5.8 g/L).  

Diacetyl has an aroma of butter/cream or nuts (Ribereau-Gayon et al., 2006) and an 

aroma threshold of 0.2 mg/L in Chardonnay (Martineau et al., 1995).  Experts did not 

use the term “Butter” to describe Beta during the FP stage, which is explained by the 

relatively low concentration of diacetyl. Beta has the highest diacetyl concentration of 

the three LAB, and is above the aroma threshold, however Bartowsky and Henschke 

(2004) have shown that perception of butter can vary greatly when concentrations 

are below 2 mg/L.  

Beta also had the lowest titratable acidity (Table 29) and a low level of sharp malic 

acid (and therefore a higher level of creamy lactic acid), both of which contribute to 

the “Creamy” and “Rounded” descriptors used by experts. Beta also had a high level 

of ethyl lactate (122 mg/L), which has a buttery aroma and can contribute to the body 

of a wine (Ribereau-Gayon et al., 2006), again, contributing to the “Creamy” and 

“Rounded” descriptors used in the hedonic tasting. 

Additionally, Beta had the highest level of isoamyl acetate, which correlates to the 

“tropical” descriptor used in the FP session, and the highest level of ethyl octanoate, 

which correlates to the “Floral” descriptor. 
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Test Units Pre-Inoculation YV Select Beta ML-Prime 

Alcohol % v/v 11.8 11.7 11.8 11.7 

Residual Sugar (RS) g/L  0.10 0.11 0.10 

pH  3.09 3.29 3.29 3.22 

Titratable Acidity (TA) g/L 9.1 6.1 5.8 6.7 

Volatile Acidity (VA) g/L  0.26 0.23 0.14 

Free SO2 mg/L  29 30 29 

Total SO2 mg/L  83 90 92 

Malic Acid g/L 5.4 0.19 0.21 1.41 

MLF duration Days  70 59 32 

Table 29: Final chemical analysis of Chardonnay using three different LAB strains to 

complete MLF. 

 

5.5.2 – Pinot Noir  

Experts had a preference for the VP41 strain in Pinot Noir, describing it as having 

“Ripe Tannins”, with “Earthy” and “Herbal” aromas during the hedonic tasting, and 

describing ML-Prime as “Bitter”. Spearman’s correlation showed that “Bitter” and 

“Grippy Tannins” were negatively correlated with liking in both the consumer and 

expert groups. “Earthy” was positively correlated using Spearman’s correlation to 

liking in the expert group. 

Total Polyphenol Index (TPI) does not differ greatly (Table 32), showing that both 

Pinot Noirs fall into the category of “red wine with ageing potential” as per Ribereau-

Gayon et al. (2006). However there is a slight difference in Saliva Precipitation Index 

(SPI) with ML-Prime having the higher value (Table 32), indicating that it has a 

slightly higher astringency (Rinaldi et al., 2012). An increase in astringency can 

correlate to an increase in bitterness as tasters have difficulty differentiating between 

the two terms (Mirabel, 2000). Additionally, ML-Prime is higher in 2-phenylethanol, 

which contributes to floral aromas (Francis, 2013), but can also have a bitter flavour 

(Furia and Bellanca, 1975). Some LAB strains can also increase tannin 

condensation, which can reduce astringency (Vivas et al., 1997), however the 
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difference in molecular mass between the two wines to test for tannin condensation 

was not performed. This warrants further investigation into how different LAB strains 

affect tannin mouthfeel.  

The total C6 compounds, which smell herbaceous (Ribereau-Gayon et al., 2006), 

are higher in ML-Prime, but VP41 has the higher level of hexanol (5.3 mg/L vs 4.8 

mg/L) and with a sensory threshold of only 0.8 mg/L (Cheng et al., 2015). This may 

be contributing more pungency to the overall herbal aroma found in VP41.  

Experts rated a wine more highly if they perceived it to be “Earthy”. Earthiness can 

be caused by certain methoxypyrazines (Ribereau-Gayon et al., 2006), none of 

which were detected. However, there are other compounds such as lactones and 

sulphur compounds that may also elicit an earthy aroma (Ribereau-Gayon et al., 

2006), which were not tested for. 

Test Units VP41 ML-Prime 

Alcohol % v/v 13.6 13.6 

Residual Sugar (RS) g/L <1 <1 

pH  3.66 3.63 

Titratable Acidity (TA) g/L 6.9 7.0 

Volatile Acidity (VA) g/L 0.69 0.62 

Free SO2 mg/L 22 19 

Malic Acid g/L 0 0.25 

MLF duration Days 14 19 

Diacetyl mg/L 0 0 

Table 30: Final chemical analysis of Pinot Noir using two different LAB strains to 

complete MLF.
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Compounds 

 
Diacetyl20 

2-
phenyl-
ethanol 

Isoamyl 
acetate 

Phenyl 
Ethyl 

Acetate 
Ethyl 

Decanoate 

 
Ethyl 

Hexanoate 
Ethyl 

Octanoate 
Ethyl 

Butanoate 
Ethyl 

Lactate 
Ethyl 

Isobutyrate 

Overall 
Intensity 

Units (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

  
  
  

Sensory 
Threshold 

 
0.2 1.4 0.03 0.25 0.20 0.014 0.005 0.015 11021 0.015 

Descriptor 

Butter 
Nutty Floral Banana 

Apricot 
Rose Citrus 

Apple 
Pineapple Floral Tropical 

Fruity 
Buttery Strawberry 

  ML Prime 0.1 48.726 2.099 0.228 0.405 0.772 1.455 0.362 88.126 0.082 142.4 

  Beta 0.8 44.940 2.110 0.206 0.467 0.851 1.633 0.443 122.520 0.085 174.1 

  YV Select 0.1 41.583 1.851 0.193 0.444 0.884 1.520 0.453 139.129 0.079 186.2 
 

Table 31:  Aroma analysis of Chardonnay with three different LAB Strains. (Thresholds checked with AWRI) 

 

 

 

                                                           
20 NB: Diacetyl concentration was 0.1 mg/L pre-inoculation. 
21 Ethyl Lactate threshold determined by Lloret et al. (2002). 
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Total 
Polyphenol 

Index 
(TPI) 

 
 

 
 

Saliva 
Precipitation 

Index 
(SPI) 

  B-Damascenone  B-ionone  
Ethyl 

Butanoate  
 Ethyl 

Octanoate  
Ethyl 

Hexanoate 

 
Phenyl 
Ethyl 

Acetate 

C6 
Compounds 

(total) 

2-
phenyl-
ethanol 

 
 C13-norisoprenoids Esters 

  

  
Units ng/L ng/L mg/L mg/L mg/L mg/L mg/L mg/L 

  Sensory 
Threshold 

1000 1200 0.4 0.5 0.01 0.25 0.5 1.4 

  
Descriptor 

Floral 
Stewed apples 

 Fruit 
Enhancer 

Floral 
Violet 

Strawberry 
Pineapple 

Floral 
Red 
Fruit 

Apple 
Tropical 

Rose 
Floral 

Herbal 
Leafy 

 Green 

Rose 
Floral 

ML 

Prime 
47.8 80   6159 6159* 0.7 1.7 1.2 0.9 10 16.4 

VP41 
48.1 76   5361 5361 0.7 1.4 0.8 0.7 9.4 15.7 

 

Table 32: Aroma analysis of Pinot Noir with two different LAB Strains. No methoxypyrazines were found (though were tested for).

                                                           
 These numbers were double checked by the researcher with the laboratory that completed the chemical analyses and they confirmed these concentrations were the same 
as the beta-damascenone. 
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5.5.3 Analysis of Question 5 Results  

Experts preferred the Chardonnay with the highest level of diacetyl, low level of malic 

acid, and high levels of specific esters that displayed aromas of tropical fruit, citrus, 

and floral notes. These findings were consistent with descriptors used by experts 

and consumers during the hedonic tasting to describe the preferred strain, and are 

also consistent with Francis et al. (2010), wherein consumers preferred wines that 

were more viscous and had butter and cream aromas (indicating higher levels of 

diacetyl).  

Regarding the correlation to the dislike of ML-Prime in Chardonnay and its chemical 

analysis; it had a residual of 1.41 g/L of malic acid, which does not fulfil standard 

requirements of a complete MLF, however, a reduction of over 75% of the malic acid 

is close to Lasik-Kurdyś’ et al. (2017) definition of complete MLF. Additionally, ML-

Prime, Lactobacillus plantarum, unlike O. oeni, can struggle to complete MLF in low 

pH environments (Ribereau-Gayon et al., 2006), such as these. Though, due to its 

lack of citrate metabolism, one would not expect ML-Prime to produce buttery 

aromas as it cannot produce diacetyl (Capello et al., 2017), and therefore, 

incomplete MLF does not negate the differences in sensory profile, and preference 

thereof, amongst the different LAB. 

Experts preferred the Pinot Noir that had the lower SPI rating, correlating to the less 

astringent of the two wines, and therefore the less bitter. The preferred VP41 strain 

also had the higher level of hexanol, which has an herbal aroma, again consistent 

with descriptors used during the hedonic tastings, and consistent with the findings of 

Osidacz et al. (2010), in which consumers preferred red wines with an herbal aroma.  
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In this case, ML-Prime (the less preferred strain) had higher levels of esters and C-

13 compounds, which would contribute fruity aromas which tend to be preferred as 

per Malherbe (2010) and Mueller et al. (2001). However, consistent with Osidacz et 

al. (2010), even if a wine is considered to be fruity, if it scores highly in bitterness or 

astringency then it will not be preferred, which concurs with the findings of this 

research project. 
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6. Conclusions 

This study has tried to determine the sensory effects of different LAB in Chardonnay 

and Pinot Noir. All five questions posed by this study were answered affirmatively for 

the experts. In summary:  experts can detect differences between strains, preferring 

Beta in Chardonnay and VP41 in Pinot Noir; certain descriptors clearly contributed 

positively or negatively to liking, and chemical analysis revealed which chemical 

compounds were the plausible culprits. Meanwhile, while the pattern of consumers’ 

chosen descriptors mimicked those of the experts, including similar clear drivers of 

liking, no preference on average was detected.  

 

Flash Profiling proved a useful sensory analysis tool, both generating descriptors for 

use in hedonic tasting and clearly differentiating the wines, especially between L. 

plantarum vs O. oeni. This researcher recommends FP, given the high resource and 

time constraints which are effectively barriers to entry in traditional Descriptive 

Analysis. 

Consumer preference was difficult to divine through the hedonic tastings, as no one 

strain had a significantly different mean (for both Chardonnay and Pinot Noir). 

However, correlation tests showed that the factors driving individual liking were 

creaminess in the Chardonnay, and relative lack of bitterness and grippy tannins in 

the Pinot Noir. This is a useful result for winemakers who may be trying to break into 

a new market, especially the UK, since the study participants were UK-based.  

In fact, creaminess was the main driver for consumer liking across all strains in 

Chardonnay. However, according to the chemical analyses, only Beta displayed the 

physical characteristics expected to generate creaminess (highest level of diacetyl, 
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lowest TA, and low levels of malic acid) and consistent with this, only Beta was 

identified as creamy by the experts. Perceived creaminess appears to be a powerful 

driver of consumers’ liking, suggesting the use of “creamy” as a descriptor in 

marketing wines. 

In contrast to consumers, experts had a clear preference of LAB in both the 

Chardonnay and the Pinot Noir, preferring O. oeni over L. plantarum. The experts’ 

choice of descriptors in the hedonic tasting was consistent with the physical 

characteristics found in the chemical analyses. As found with Spearman’s rank 

correlation, there was no one specific descriptor which drove the overall preference 

in the Chardonnay for the experts. Perhaps not surprisingly, it seems expert 

preferences are independent of their choice of descriptors. This is most likely due to 

their training and experience, which makes them better able to separate the exercise 

of rating from that of accurately describing the wines. 

Finally, the preference of experts for a non-bitter, less astringent Pinot Noir (VP41), 

over a slightly fruitier style (ML-Prime) points to negatively perceived bitterness and 

perception of tannin and mouthfeel dominating aromatics in this case. Belying the 

significant difference in mouthfeel (tannin perception), there was a relatively small 

difference in SPI between the two wines; though this could be partially explained by 

the different metabolic pathways associated with O. oeni and L. plantarum. This also 

highlights the importance of winemakers trialling different LAB and tasting wines 

undergoing MLF to enrich their understanding of how a wine may be perfected. 

This study has focussed on how changing just one input variable – which strain of 

LAB used – influences perception, preference, and the underlying chemical 

composition of wine. So it would perhaps seem surprising how profound of a 
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difference this can make. Multiply that by the infinite possible combinations of 

numerous variables that change and can be changed, and that these variables 

change with each vintage too. We can try to understand it better through science but 

it can really only be appreciated as art. 
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Appendix 1 – RPP 

IMW Research Paper Proposal Submission Form  

Student ID 24540 Date of submission 14/12/2018 

RPP Version No 3 Name of Advisor Martin Williams MW 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 

 
The sensory effects of different Lactic Acid Bacteria on wine 

Research Questions:  Define the subject of your Research Paper and specify the specific 

research questions you plan to pursue. (No more than 200 words) 

Malolactic fermentation impacts the aromas in wine (Bartowsky et al., 2002b; Boido et al., 2009). However, little 
research has been done into the preferences of consumers and experts among different Lactic Acid Bacteria (LAB).   
 
This study will seek to determine whether there are detectable sensory differences among specific strains of LAB 
in red and white wines as tested by experts.  This study will also seek to determine if both engaged consumers and 
experts have a preference for any particular strain and review any differences between how these two groups 
perceive these strains. 
 
Questions: 

- Can experts perceive the differences in sensory effects elicited by three different LAB in a selected white 
wine and two different LAB in a selected red wine? 

 
- Do consumers and experts have a hedonic preference for any strain LAB? 

 
- Is there a correlation between specific chemical compounds produced by specific LAB and hedonic liking? 

 
- Is there a correlation between certain descriptors (obtained through flash profiling) and hedonic liking? 

 
- Are there any differences in preference between consumers and experts?  

 

Background and Context: Explain what is currently known about the topic and address why 

this topic requires/offers opportunities for further research. (No more than 200 words) 

Whilst there have been several studies on the impact of different yeast strains on final wine style and how 
consumers appreciate these differences (Belda et al., 2017; King, 2010; Swiegers et al., 2005), only recently have 
oenological product producers, researchers, and winemakers acknowledged the potential for lactic acid bacteria 
(LAB) to do the same (Malherbe, 2013). 
 
Research has found that malolactic fermentation, specifically by Oenococcus oeni, can have a profound impact on 
the structural components and aromatic compounds of a wine (Bartowsky et al., 2002b; Boido et al., 2009), and 
also that different strains of O. oeni and Lactobacillus can produce different flavours and aromas when applied to a 
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specific wine (Costello et al., 2012; Malherbe, 2010). However, beyond the work cited above, little research into 
the preferences of consumers and preferences of experts has been conducted. 

Sources: Identify the nature of your source materials (official documents, books, articles, other 

studies, etc.) and give principle sources if appropriate. (No more than 150 words) 

How Lactic Acid Bacteria affect sensory profile of wines: 
Bartowsky et al., 2011. Influence of MLF on the Fruity Characters of Red Wine 
Bartowsky et al., 2002b. Is buttery aroma perception in wines predictable from diacetyl concentration?  
Lallemand, 2015. MLF – Importance of Wine Lactic Acid Bacteria in Winemaking.  
Malherbe, 2010. Investigation of the impact of commercial MLF starter cultures on red wine aroma compounds, 
sensory properties and consumer preference. 
 
Tasting methodology:  
Frost & Noble, 2002. Preliminary study of the effect of knowledge and sensory expertise on liking for red wines.  
Lawless & Heymann, 2008. Sensory Evaluation of foods: Principles and Practices. 
Leske et al., 2013. Sensory Evaluation. Australian Winemaking.  
Malherbe et al., 2013. The relationships between consumer liking, sensory and chemical attributes of wines 
elaborated with different starter cultures. 
Valentin et al., 2012. Quick and dirty but still pretty good: a review of new descriptive methods in food science. 
 
Organisations: 
Sensostat – advice on tasting methodology. 
Lallemand* – Providing the research wines, chemical analysis, and contact with Sensostat. 
 
* Lallemand wish to see the results first to decide whether they will be confidential or not. 
Research Methodology: Please detail how you will identify and gather the material or 

information necessary to answer the research question(s) and discuss what techniques you will 

use to analyse this information. (No more than 500 words) 

Engaged consumers* and experts** will blind taste 5 wines, 3 white and 2 red, in which different strains of 
Oenococcus oeni and Lactobacillus plantarum are used for malolactic fermentation (MLF). This is to determine 
their hedonic preference for any particular strain. Preferences of consumers and experts will be compared to flash 
profiling (FP) descriptors and to chemical analysis of the wines. 
 
Commercially available and experimental strains of Oenococcus oeni and L. plantarum, provided in kind by 
Lallemand, will be used to complete MLF in Australian, Tumbarumba Chardonnay and Pinot Noir from Carneros, 
California. Each of the samples will undergo MLF by a different strain. Wines are vinified under laboratory 
conditions by Lallemand for Chardonnay and under laboratory conditions by associated winery for Pinot Noir. 
Wines will be airfreighted to London by December. Chemical analysis will be completed on all wines by Lallemand 
in Toulouse, France. 
 
A non-MLF control is not provided as this study will not test the hypothesis that the groups can taste the 
difference between non-MLF and MLF wines.  
 
The target population of *engaged consumers will be those who have completed WSET levels 1, 2, or 3. **Experts 
will be those who have completed the WSET diploma or higher, who work in the wine trade and taste/assess wine 
on a regular basis (WSET educators, MW students, MWs).  
 
Consumers will be recruited through the WSET newsletter, reaching 2000 people. Demographics, contact 
information, and wine education will be obtained through an online questionnaire. Incentives to participate will be 
the chance to win a case of wine or a gift voucher.  The expert group will be recruited through personal contacts. 
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An ANOVA power analysis using 95% confidence level shows a minimum 60 consumers would be needed to have a 
power of 0.89. Similar studies (Bastian et al., 2010; Malherbe et al., 2013) have used populations of 50-70 tasters. 
A target of 15-20 tasters will be recruited for the expert group (Leske et al., 2013). 
 
An initial difference testing (duo-trio) of the red and white wines with 8-12 experts (MWs, MW students and WSET 
diploma graduates who regularly blind taste) will determine if differences can be detected.  
The tasting methodology and rating/ranking system will also be trialled. FP* of the wines will be completed using 
protocol found in Valentin, et al. 2012.  
 
*FP is a faster, more cost effect type of descriptive analysis that doesn’t require training of experts. The first session 
is to generate attributes of the wine but avoiding hedonic terms. A global list is compiled, and in the second session 
panellists are asked to rank the wine from least to most on each of their chosen attributes. 
 
Hedonic tastings will then be conducted by consumers (min 60) and 15-20 experts over a 4-week period in January 
and February. To eliminate bias, tasters will not be told the purpose of the tastings.  
 
NB: All tastings will take place at WSET School London. 
 
Hedonic tasting will consist of 5 wines, 2 red and 3 white, served at room temperature using ISO glasses.  
 
Using data from online questionnaires, tasters will be subdivided into groups, to ensure each group is 
representative. 
 
All participants will taste all wines in Completely Randomized Design (CRD) and fill out with the following: 
Hedonic Ranking or Likert Scale (TBC) 
Select 2-3 descriptors of each wine (pre-determined by FP) 
 
Once all data have been collected, ANOVA analysis on the white wines and t-test on the reds will be conducted to 
test if there is a hedonic preference for any of the strains. 
 
t-Test used to test if there is a difference in hedonic preference between the two groups (Consumer vs expert). 
  
Principal component analysis (PCA) will be used to understand if there is a correlation between strain preference 
and descriptors found by FP, and if there is a correlation between strain preference and specific compounds found 
using chemical analysis. 

Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research 

Paper will add to the current body of knowledge on this subject.  (No more than 150 words) 

Whilst there have been numerous studies into the effects of LAB on the organic compounds of wine (Sumby et al., 
2014; Belda et al., 2017), some with limited sensory studies (Malherbe, 2010), little is known about how end users 
of wine (consumers and experts) actually rate and perceive these differences. The more we can learn about how 
consumers and experts appreciate the sensory effects of LAB, the more feedback can be provided to wine 
producers, giving them additional tools to help differentiate their wines in an ever-tightening marketplace. This 
study may also make producers more aware of the effects of different strains of LAB on their MLF, and therefore 
re-evaluate if they need to inoculate with a specific strain in order to achieve a specific style. 
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Proposed Time Schedule/Programme: This section should layout the time schedule for the 
research, analysis and write-up of the Research Paper and should indicate approximate dates 
with key deliverables. Dates of submission to both Advisors and the IMW must be those 
specified by the IMW. 
 
October 
Finalise wines with Lallemand and receive all data about how the wines were fermented. 
Prepare questionnaire to be sent to WSET Newsletter. 
October 19 - Submit RPP to advisor. 
 
November 
November 1- Newsletter sent to recruit engaged consumers. 
November 2 – Submission of RPP to Institute. 
Recruit expert panel for Flash Profiling, and duo-trio tests. (8-12 people) 
Receive wines from Australia, contact any tasters that have responded to the recruitment call through 
WSET.  
Confirm tasting dates with WSET School London. 
Finalise literature review. 
Start Flash Profiling with experts. 
 
December 
Duo-Trio test at WSET School London. 
Finish Flash Profiling. 
Receive chemical analysis from Lallemand. 
Recruit more experts for hedonic tasting (target 15-20) 
 
January 
15th January – 5th February run tastings for consumers and experts. 
 
February 
Data entry and statistical analysis of data. 
Late February – writing up of results 
 
March 
Conclusions written up and sending of results to advisor for feedback. 
 
April 
1st - First final draft to advisor 
15th - Notify IMW of intent to submit RP in June 
Re-writing, updating, re-phrasing, amendments 
30th - second final draft to advisor 
 
May 
Updates, re-writing, re-phrasing, amendments 
15th – Final document submitted to advisor  
Re-writing, updating, re-phrasing 
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June 
Final updates/changes with help of advisor 
28th – Advisor submits RP to Institute on my behalf. 
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Appendix 2 – Tasting Sheets 

Example of Duo-Trio tasting sheet used with experts 

Name_________     Date: December 5, 2018 

 

DUO TRIO TEST 

Please swirl the REFERENCE sample glass, and smell the aroma. Then 

taste the wine and evaluate the palate. Repeat for the two TEST 

samples. CIRCLE the code of the test sample that is the same as the 

reference.  

CIRCLE THE SAMPLE THAT IS THE SAME AS THE REFERENCE 

If you cannot detect a difference, then you must guess 

Reference Code 1 Code 2 

Ref A 324 650 

 

THANK YOU! 

 

Each assessor assessed 4 triads of wine: 

  

 

 

 

 

 

 

 

 

 

 

Chardonnay Pinot Noir 
 

Beta vs YV Select 
 

VP41 vs ML Prime 
 

YV Select vs ML Prime 
 

 

ML Prime vs Beta 
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FLASH PROFILING: 

Attribute Generation Sheet used for Session 1 of Flash Profiling 

Sample 1 

 

Sample 2 

 

Sample 3 

 

Sample 4 

 

 

Please evaluate each sample and record all the attributes you perceive (aroma, colour, 

flavour, mouthfeel)  

Focus on descriptors that differentiate the wines from one another.  
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PLEASE FLIP OVER TO CREATE YOUR LIST OF DESCRIPTORS 

List of overall descriptors 

 

Colour: 

 

Aroma/Flavour: 

 

 

 

Acid: 

 

Body: 

 

 

 

Other: 
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Sample Ranking Sheet used for Session 2 of Flash Profiling 

White Wine Analysis – Flash Profiling      December 5, 2018 

Assessor:  

Please rank the samples for each descriptor from lowest to highest by writing the sample code in 

each box. 

 

 

    

  -                                                                                                                                                                       + 

 

 

    

  -                                                                                                                                                                       + 

 

 

    

  -                                                                                                                                                                       + 

 

 

    

  -                                                                                                                                                                       + 
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Hedonic Tasting Sheets 

 
Thank you for coming to my Master of Wine Research tasting! 

Please read and sign the following instructions and consent form to take part. 

 

You will be required to: 
 

 Taste and spit out 3 white wines and 2 red wines 

 Rate each wine on a 9 point scale based on how much you like them 

 Choose words that you believe best describe each wine 

 Answer a few background questions about yourself 
 
This should take no more than 25 minutes, and if you have any questions please raise your hand and 
let me know. 
 
Please do not confer or speak to any other participants once the tasting has started. 
 
You have the right to withdraw from this tasting at any time without reason. 
 
Your responses will be kept confidential and used only for the purpose of this research paper. At no 
point will you be identified by name in the final research, and only the researcher will have access to 
your complete responses.  

 
      I confirm that I have read and understood the information provided above, and am willing to 
participate in the research.  
 
Name: ____________________________________ 
 
 
Signed: ____________________________________      Date: ________________________ 
 
 

Researcher contact details:  
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White Wine 289 

On a scale of 1-9, with 9 meaning you extremely like this wine and 1 meaning you extremely dislike 

this wine, please rate wine 289. Please only circle one number. 

1 2 3 4 5 6 7 8 9 
     Dislike                              Like      

  Extremely              Extremely 

 

Please circle the words that you believe best describe this wine. MAXIMUM of THREE words. 

Citrus    Crisp   Green Fruit  Rounded 
(lemon, lime, grapefruit)     (apple, pear) 

Creamy   Stone Fruit  Floral   Mineral 
(peach, apricot)     (stony, steely) 

 

White Wine 093 

On a scale of 1-9, with 9 meaning you extremely like this wine and 1 meaning you extremely dislike 

this wine, please rate wine 093. Please only circle one number. 

1 2 3 4 5 6 7 8 9 
     Dislike                              Like      

  Extremely              Extremely 

 

Please circle the words that you believe best describe this wine. MAXIMUM of THREE words. 

Mineral  Creamy   Stone Fruit  Crisp  
(stony, steely)     (peach, apricot) 

Citrus   Rounded  Floral    Green Fruit  
(lemon, lime, grapefruit)       (apple, pear) 

 

White Wine 734 

On a scale of 1-9, with 9 meaning you extremely like this wine and 1 meaning you extremely dislike 

this wine, please rate wine 734. Please only circle one number. 

1 2 3 4 5 6 7 8 9 
     Dislike                              Like      

  Extremely              Extremely 

Please circle the words that you believe best describe this wine. MAXIMUM of THREE words. 

Citrus   Rounded   Green Fruit  Floral  

(lemon, lime, grapefruit)    (apple, pear)  

Mineral  Creamy  Crisp    Stone Fruit  
(stony, steely)        (peach, apricot) 
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Red Wine 907 

On a scale of 1-9, with 9 meaning you extremely like this wine and 1 meaning you extremely dislike 

this wine, please rate wine 907. Please only circle one number. 

1 2 3 4 5 6 7 8 9 
     Dislike                              Like      

  Extremely              Extremely 

 

Please circle the words that you believe best describe this wine. MAXIMUM of THREE words. 

Grippy Tannins  Ripe Tannins   Bitter  Floral  

     

Earthy   Cherry   Herbal    Full Bodied 

         

 

Red Wine 413 

On a scale of 1-9, with 9 meaning you extremely like this wine and 1 meaning you extremely dislike 

this wine, please rate wine 413. Please only circle one number. 

1 2 3 4 5 6 7 8 9 
     Dislike                              Like      

  Extremely              Extremely 

 

Please circle the words that you believe best describe this wine. MAXIMUM of THREE words. 

Cherry   Grippy Tannins Herbal   Earthy  

     

Floral   Ripe Tannins  Bitter    Full Bodied 
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Demographic information 

Please fill in the following information that is needed to aid this research. Please note that 

your details will be handled confidentially according to current data protection regulations. 

 

What is your age range?   What is your gender? 

18-29      Male   

30-39      Female 

40-49 

50-59 

60+ 

 

What is the highest wine qualification you have completed? 

WSET Level 1                             WSET Diploma 

WSET Level 2   Current MW Student 

WSET Level 3   Master of Wine 

 

Are you a member of the wine trade? 

Yes   No 

 

Which styles of wine do you prefer to drink? (Maximum of three choices) 

 Sparkling     White   Rose  Sweet  

 Light Red     Full bodied Red  Fortified 

 

Please provide your email address so you can be entered into a draw to wine a free case of 

wine or a gift voucher of equivalent value.  

 

__________________________ 

Email Address 
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Appendix 3 – Statistical Information 
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Variable Observations Minimum Maximum Mean SD 

YV Select | Diploma 8 2.000 7.000 4.375 1.598 

YV Select | Level 1 3 4.000 7.000 5.667 1.528 

YV Select | Level 2 25 2.000 8.000 4.600 1.683 

YV Select | Level 3 51 2.000 8.000 5.059 1.529 

ML-Prime | Diploma 8 3.000 8.000 5.375 1.598 

ML-Prime | Level 1 3 3.000 7.000 4.333 2.309 

ML-Prime | Level 2 25 2.000 9.000 4.520 1.636 

ML-Prime | Level 3 51 2.000 8.000 4.863 1.674 

Beta | Diploma 8 3.000 7.000 4.250 1.389 

Beta | Level 1 3 3.000 6.000 4.667 1.528 

Beta | Level 2 25 2.000 8.000 4.760 1.877 

Beta | Level 3 51 2.000 8.000 5.118 1.620 

Table A1: Summary statistics of hedonic tasting of three different LAB strains in Chardonnay by 

consumers based on their wine education. 

 

Variable Observations Minimum Maximum Mean SD 

VP41 | Diploma 8 2.000 8.000 5.625 1.923 

VP41 | Level 1 3 3.000 5.000 3.667 1.155 

VP41 | Level 2 25 2.000 8.000 5.000 1.803 

VP41 | Level 3 51 1.000 9.000 5.078 2.018 

ML-Prime | Diploma 8 4.000 8.000 6.250 1.389 

ML-Prime | Level 1 3 5.000 6.000 5.333 0.577 

ML-Prime | Level 2 25 1.000 8.000 5.040 1.947 

ML-Prime | Level 3 51 1.000 8.000 4.863 2.020 

Table A2: Summary statistics of hedonic tasting of two different LAB strains in Pinot Noir by 

consumers based on their wine education. 
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Appendix 4 – Word Count 

 

 

Section Titles Tables

Tables, Charts,

 and Figure Titles Total Words Couted

Summary 2 200 202

Intro 2 0 0 542 540

Literature Review 34 0 0 1534 1500

Methodology 46 145 47 2350 2112

Results & Analysis 180 766 1064 7006 4996

Conclusion 2 0 0 591 589

TOTAL 9939

Bibliography 1640

Appendices 1183

RPP 1703

Front Cover and 

Table of Contents 272

Total 17021


